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EFFECT OF ELEVATOR-PROFILE MODIFICATIONS AND TRAILING-
EDGE STRIPS ON EﬁEVATOR HINGE-MOMENT AND |
OTHER AERODYNAMIC CHARACTERISTICS OF A
FULL~-SCALE HORIZONTAL TAIL SURFACE

By Carl F. Schueller, Peter P, Korycinski
and H. Kurt Strass

SUMMARY

Results are presented of tests of a full-scale
horizontal tail surface made to determine the effect of
elevator-profile modifications and trailing-edge strips
on the elevator hinge-moment characteristics for elevators
having fixed plan form and constant balance.

A reduction of 6° in the trailing-edge angle of the
elevator produced incremental changes in the slopes cf
the curves of hinge moment against angle of attack and
elevator angle of approximately -0.0026 and -0.0013,
respectively. The incremental changes in Chg (slope of

curve of hinge moment against elevator deflection) due
to elevator nose-shape modifications were of about the
same magnitude as those predicted by the method presented
in NACA ACR No. LLEl3; whereas the nose-shape changes had
little effect on the values of Chq (slove of curve of

hinge moment against angle of attack). By use of a more
blunt nose and a reduced trailing-edge angle, the values
of Cn, for the elevator could be reduced from the

unsatisfactorily high value of 0.,0020 to 0 without
affecting the values of Ché- Trailing-edge strips were

found to be very effective in reducing a positive value
of Cp, but produced an adverse increase in Chg+ No

appreclable loss in trailing-edge-strip effectiveness in
producing changes in hinge-moment coefficient occurred
up to the maximum test Mach number of 0.65
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INTRODUCTION

The design of highly balanced control surfaces has
not been sufficiently developed for the desired control
characteristics to be obtained in the first design and,
for that reason, the control surfaces of most new air-
planes usually must be modified.

In an investigation in the Langley 16-foot high-
speed tunnel of a typical full-scale semispan horizontal
tail surface of a proposed fighter airplane, a number of
systematic profile modifications had to be made to produce
the desired aerodynamic characteristics. The present
report shows the effect of elevator nose shape, trailing-
edge angle, and trailing-edge strips on the aerodynamic
characteristics of the tail surface, the elevator of which
had a fixed plan form and a constant ratio of balance area
to elevator area.

COEFFICIENTS AND SYMBOLS

Cp drag coefficlent ——
Cnh hinge-moment coefflclent

2

qce“be

Cy, 1ift coefficient <;—

Mgt
Cm pitching-moment coefficient (;E;f§)
D drag of entire model
H hinge moment
L 1ift of entire model

MC'/h pitching moment about quarter-chord point of
mean asrodynamic chord

b span, feet

c chord, feet

c! mean aerodynamic chord

CTe roo?rmean-square of elevator chord behind hinge
ine
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q dynamic pressure (lpV%>
2
S toctal model area, square feet
M Mach number | |
R Reynolds number
v velocity of air, feet per second
X horizontal distance along chord from leading
- edge, percent chord
Yy vertical distance from chord, percent chord
a angle of attack of stabilizer, degrees
p mass denslty of air, slugs per cubic foot
o] angle of elevator chord with resvect to stabilizer
chord (positive when trailing edge is down),
degrees :

di included angle at elevator trailing edge, degrees
Parameters:

%
C =

/ b("

- I

CL& ME——

oC
Ch = b

’:)Ch

(The subscripts outside the parentheses represent the
factors held constant durlng the measurement of the
parameters.)

Subscripts:

b . balance
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e elevator (back of hinge line)

f flap (balance and elevator)

DESCRIPTION OF MODEL

For the present tests, the left side of the horizontal
tail surface of a modern fighter alirplane was used as a
model., The airfoil was made according to the profile of
the NACA 66-009 airfoil. For the metal elevator (the orig-
inal elevator), this airlfoil was modified to have a
straight contour behind the 0.72¢ station. The general
arrangement and geometrical charsacteristics of the model
are presented in figure 1. Plgure 2 is a photograph of
the modsl installed in the Tangley 16~foot high-speed tunnel.

Stabilizer.- The stabilizer was of metal construction
and metal covered. All rivets were flush and the surface
had been filled, rubbed with abrasive cloth, and waxed to
increase the surface smoothnsss; however, considerable
surface waviness existed. The gap between the elevator
and the stabilizer was approximately 1/, inch and was con-
stant for all elesvator angles. In order to reduce undesir-
able air flow through the elevator hinge pockets, cover
plates attached to the top and bottom of each stabilizer
hinge bracket were included.

Elevators.~- Four modifications of the metal elevator
were tested. The plan-form dimensions of all elevators
were the same, The hinge line was located at 0.72¢ and
the elevator balance was 0.48cg (cp/ce = 0.48). No trim
tab is used on the elevator because the angle of incidence
of the stabilizer is adjustable in flight.

The metal elevator was constructed of aluminum and
had a semielliptical nose and a straight taper behind the
hinge line; this arrangement resulted in a tralling-edge
angle of approximately 13°.

The coordinates of elevators 1 to L are given in
table I. These elevators were constructed of spruce and’
incorporated systematic modifications to the elevator pro=-
file as shown in figure 3. HElevator 1 had a blunt nose
and a straight taper behind the hinge line with a trailing-
edge angle of 139, the same as the metal elevator.
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Elevator 2 had the same blunt nose as elevator 1 and a

..cusped contour behind the hinge line (¢1 = T7°). Elevator 3

had a modified blunt nose and the same cusped contour -
behind the hinge line (@i = 79 as elevator 2. Elevator L
had the semielliptical nose profile of the original ele-
vator and the same cusped contour behind the hinge line
(ﬁi = 7°) as elevators 2 and 3. ‘ :
Examination of the model showed that the stabilizer
brackets were approximately 5/32 inch above the chord line.
The center line of the hinge pins for the metal elevator,
however, was found to be slightly above the chord line.
The net effect of these constructional defects was to cause
the upper surface of the metal elevator to project approxi-
mately 1/16 inch above the contour of the tail when the
elevator was in the neutral position. These defects caused
the hinge-moment curves to be asymmetrical, but the incre-
mental changes of a given coefficient, which result from
the elevator modificsations described herein, are believed
to be correct.,

Trailing-edge strips.- 3trips of %—inch- or %g-inch-

diameter tubing were attached to both surfaces of the metal
elevator at the trailing edge. The method of attaching

the tubing to the elevator is shown in figure li. The
length of the trailing-edge strips was varied first by
testing the full-span length and then by cutting equal
lengths from the root and tip ends of the strips.

(See fig. l.)

APPARATUS AND METHODS

Model installation.- Inasmuch as a semispan model
was used for the tests made in the Langley 16-foot l:i/ -
Speed tunnel, the center line of the horigzontal tail sur-
face had to be located in the plane of the tunnel-wall
flat in order to produce air-flow conditions that approxi-
mated those of flight. (See figs. 1 and 2.} Tabyrinth-
type seals were used at the openings where the model
support went through the tunnel-wall flat to minimize the
leakage of air from the test chamber to the tunnel.

Hinge-moment measurement.- The elevator control tube
was 80 extended that It passed through the tunnel-wall
flat and two self-alining bearings mounted on the
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tunnel-balance frame. The elevator hinge moment was
transferred through the elevator torque tube to a 6-inch
crank and then through a jackscrew to the platform of a
scale., The jackscrew was also used to vary the elevator
angle. The platform scale was rigidly attached to the
tunnel-balance frame and, since all other related parts
were also attached to the tunnel-balance frame, the ele-
vator hinge-moment measurements could not interfere with
he measurements of 1lift, drag, and pitching moment. All
force and moment data were recorded simulitaneously.

Elevator-angle measurement.- An Autosyn was used to
measure the elevator angle. The transmitter of this
Autosyn was rigidly attached to the stabilizer at the
inboard hinge cut-out. A small pinion geer on the trans-
mitter shaft was driven by a large sector gear that was
rigidly attached to the root of the elevator. Any elevator
deflection that occured was therefore multiplied by the
gear ratio (approx. 12:1) and was electrically transmitted
to the receiver. A callbratsd dial attached to the
receiver provided a continuous visual indication of the
elevetor angle. A templzte was used to check the zero
reading of tre Autosyn indicator. This arrangement 1s
Eelieved to have measured the elevator root angle within
10.1°.

Mngle-of-attack measurement.- An Inclinometer located
on a reference surface of the model support system was
used to measure the angle of attack of the chord line of
the stabilizer root. The measurements are believed to be
accurate within $0.05°.

TEITS
In general, test data were obtained for a = ~5?, 0°,
and 239, & =-89 to 8°, and'M = 0.35. Some combinations

of the angle variables could not be tested because of the
allowsble load limitations on the model. One of the
trailing-edge-strip modifications on the metal elevator
was tested at Mach numbers as high as 0.65.

ssts to determine the aerodynamic characteristics
of the original metal elevator and the effect of tralling-
edge angle (elevators 1 and 2) were made with the original
hinge location; whereas tests to determine the effect of
nose shape (elevators 2, 3, and L) were made with the
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stabilizer hinge brackets lowered 3/32 inch in order to
locate the hinge line exactly on the chord line of the
tall section. T e e S e e

REDUCTION OF DATA

The data presented herein have been corrected for
tunnel-wall effects by the use of the reflection-plane
theory given in reference 1. The projected frontal area
of the model was such a small part of the tunnel area
that tunnel-constriction corrections were negligible.
Corrections to pltching moment due to model deflection
and balance-frame deflection also were found to be negli=-
gible. The corrected data were cross-plotted and the
values used herein are for selected angles of attack,
elevator angles, and Mach numbers. The average dynamic
pressure and average Reynolds number corresponding to the
test Mach number are shown in figure 5., The Reynolds
number is based on the calculated mean aerodynamic chord
of [}.27 feet. Tests in which the gap around the model
support was varied from 1/l inch to O showed that no
corrections due to end leakage were necessary for this
setup.

RESULTS AND DISCUSSIONS

Basic Data with Metal Elevator

The variation of hinge-moment, drag, 1ift, and
pitching-moment coefficients with elevator angle at
M = 0.35 and a = =30, 00, and 3° are presented in
figures & to 9, respectively.

Hinge-moment coefficlent.- For the data shown on
figure 6, Chg = -0.0015 and Cp. = 0,0020, A construc-
tional defec% in the hinge-brackeét locations (see section
entitled “"Description of Model") is the main cause of the
asymmetry of the curves; a slight asymmetry in the ele-
vator contour is probably also a contributing factor.

Drag Coefficient.- No unusual drag characteristics

(fig. 7) occurred. The minimum value of Cp, however, is
0.011, which is a relatively high value as compared with the
values for surfaces having less profile discontinuity.
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Lift coefficient.- The 1lift coefficient varies

linearly with elevator angle for the range shown in
figure 8. The lift parameters Cpq &nd Crg are 0.058
and 0.0275, respectively.

Effect of Trailing-Edge Angle

Flight investigations have shown that the value of
Chy Should be approximately O in order to avold adverse
effects on the stability and cortrol characteristics, par-
ticularly in gusty air, and that the value of 0.0020
obtained for the original elevator was unsatisfactorily
high. Preliminary calculations based on unpublished data
indicated that a value of Chgq = 0O could be obtained by
decreasing the trailing-edge angle from approximately
13° to 7°. This change in elevator shape is illustrated
in figure 3, and 1ts effect was evaluated by a comparison
of the results obtained for elevators 1 and 2.

Hinge-moment coefficient.- The effect of trailing-
edge angle on the elevator hinge-moment coefficient is
shown in figure 10 for three angles of attack and for
M = 0.35. The nonlinearity of these curves prevents the
exact use of the usual parameters, but the 6° change in
elevator trailing-edge angle resulted in the following
changes in the parameters: AChg = =-0.0013 and
AChq = =0.0026. The change in Cp, due to a reductlon
in trailing-edge angle was of the gesired magnitude, but
the accompanying increase in Cp was undesirable because
the control moment was about dougled for the metal elevator.
The undesirable increase in Chn due to a reduction in
trailing-edge angle may be nullified with no appreciable
change in Cpg by changing the elevator nose shape
(discussed in section entitled "Effect of Nose Shape").
Figure 10(a) indicates a reversal in Cpg at a = -39,
This undesirable variation is believed to be a result of
the asymmetry of the hinge-bracket location.

Drag coefficient.~ The variation of the drag coef-
ficient for elevators 1 and 2 (#1 = 1%3° and 7°, respec-
tively) with elevator angle 1s presented in figure 11 for
three velues of a and for M = 0.35. The drag coef-
ficient for a given increment of elevator deflection is
slightly greater for elevator 2 (g1 = 7°) than for
elevator 1 (g3 = 139).
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Lift coefficlent.- A decrease in elevator tralling-
edge” angle was usually accompanied by .a slight increase
in 1lift. A reduction in trailing-edge angle from 13° to
7° inereased Cp, from 0.061 to 0.06l and increased Crg
from 0,031 to 0.032.

Pitching-moment coefficient.~ Reducing the trailing-
edge angle from 13° to 79 caused a rearward shift of the
center of 1lift. When the lift was varied by changing the
angle of attack at & = 0°, the center of 1lift shifted
from 22,6 to 2L.2 percent of the mean aerodynamic chord;
when the 1lift was varied by changing the elevator angle
for a = 09, the center of lift was shifted from 56 to
57.7 percent of the mean aesrodvnaulc chord.

Bffect of Nose Shape

Hinge-moment data obtained for the various trailing-
edge modifications indicated that the desired value of
Cha could be obtained with a trailing-edge angle of

approximately 7%, The reduction in trailing-edge angle,
however, caused Ch6 to inecrease from =0.0015 to about
-0.0028. Since thé original value of Chg obtained for
the metal elevator (~0.0015) was considered satlsfactory,
it was beliesved deslrable to reduce the new value of Chg.
Reference 3 shows that the value of Cp can be changed,
without appreciably affecting the value of Cha’ by
altering the elevator nose shape. Two alterations were
accordingly made to the nose profile (see fig. 3) in an
attempt to obtaln a satisfactory value of Cp.. Compari-
son of elevetors 2 and 3 with elevator L shows the changes
in elevator contour.

Hinge-moment coefficient.- The effect of the nose
modifications on the hinge-moment coefficient at M = 0.35
ls shown in figures 12 and 13, Recause of the difference
in structural stiffness betwsen the wooden and metal ele-
vators and because of the asymmetry of the metal elevator
(see section entitled "Description of Model"), elevator |
which had a semielliptical nose profile the same as that
of the metal elevator, was used as a reference. Pigures 12
and 1% indicate that modifying the nose profile of the
metal elsvator to the modified-blunt shape (elevator 3)
would result in ACh6 = 0,0010 and ACha = 0.0002; these

figures indicate alsc that modifying the nose profile of
the metal elevator to the blunt shape (elevator 2) would

’
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result in ACpg = 0.0020 and Cp, = 0.000}4. 4An elevator

with a balance-moment area intermediate between elevators
2 and 3 would provide the desired decrease of 0.0013 in
Cn and would thus nullify the adverse effect of reducing

the trailing-edge angle to 7°, The tests of the wooden
elevators therefore indicate that the desired values of
Ch = O, Chﬁ = =-0.,0015 at M = 0.35 may be obtained if the

prgfile of the metal elevator is so modified that it has

a more blunt nose (intermediate between elevators 2 and 3)
and a cuspsd contour behind the hinge line (elevator 2)
with a trailing-edge angle of about 7°,

An exact quantitative check of the experimental and
predicted effects (reference %) cof the elevator-nose modi-
fications cannot be made because of the nonlinearity of
the curves of hinge-moment coefficient against elevator
angle. The incremental changes in Cp due to modifica-
tions of the elevator nose, however, age of about the same
magnitude as changes calculated by the method of refer-
ence 3., Very poor agreement is obtained when the value of
Ch6 for any one elevator is calculated from unbalanced
seé¢tion flap data snd corrscted for balance effects by the
method of rsference 3.

Lift coefficient.~- The effect of elevator-nose con-
tour on Crg 1is shown in figure 1y for 6 = 0°, M = 0.35,

and a = -3%3° to 3°, Figure 1l shows that CLg increases
slightly as the surface discontinuity between the rearward
portion of the stabilizer and the elevator nose is reduced
by making the elevator nose more blunt because, as the
contour of the taill surface approaches that of the true
airfoil, optimum pressure distribution and 1lift are
obtained.

Drag coefficient.- The effect of elevator-nose con-
tour on drag ls also shown in figure 1l;. The drag
decreased slightly as the surface discontinulty between
the rearwerd portion of the stabilizer and the clevator
nose was reduced.

Pitching-moment coefficient.~ The efféct of elevator-

nose contour on the pitching moment was not appreciable
and no dats are presented.
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Effects of Trailing-Edge Strips

- Tests were made 8150 to détermine combinaticns of
length and diameter of trailing-edge strips that could

‘be used on the metal elevator as a temporary expedient

to obtain Chq = O for flight tests of the first experi-
mental airplane having this tail surface. Various lengths
of %~inch— and %Z-inch-diameter strips were tested at

M=0.35 and a = -39, 09, and 30,

. Hinge-moment coefficient.- Figures 15 and 16 show the
variation of hinge-momént coefficlient with elevator angle

for verious lengths of %-inch- and %z-inch—dianmter>trailﬁng-

edge strips, respectively, at M = 0.35 and at a = -39,
09, and 3°. Decreasing the length of the strip decreases
the slope of the hinge-moment curves, and no abrupt
changes in the trend of the curves occur. The data pre-
sented in these figures have been used to obtain the
hinge-moment parameters Chg end Chg shown in figure 17.

The desired value of OCpy= 0 can be obtained by using
%-inch—diameter strips 2l percent of the span in length
or Ig-inch-diameter strips 38 percent of the span in

length, but with an accompanying adverse increase in Ch
over the desired value of -0.0015, The effect of speed
on the effectiveness of the trailing-edge strips is shown
in figure 18. ©No serious reduction of hinge-moment coef-
ficient (Cy occurs up to the maximum test Mach number

(M = 0.65) with the full- span %-inch-diameter strips on

the elevator tralling-edge.

Lift coefficient.- FPigures 19 and 20 show the effect
of the length of the trailing-edge strips on 1ift coef-

ficient for %—inch— and j;—inch-diameter strips, respec-~

tively. The use of strips of either diameter usually
results in an increase in 1ift at the higher elevator
angles.

Drag coeffidient.- Figures 21 and 22 show theée effect
of the Tength of Ttraliling-esdge strips on the drag ccef-

Tficient for %—inch- and %z—inch-diameter strips, respec-

tively. The increase in drag due to lengthening the
g-inch-diameter strips is usually twice the increase which
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occurred with the j;-inch-diameter strips. The maximum
4
increase measured with %-inch—diameter full-span strips

wag 1% percent.

Pitching-moment coefficient.- The change in pltching-
moment coefficient due to trailing-edge strips was negli-
gible and no figures are presented herein. The center of
1ift, however, was shifted from 23 percent to 25 percent
of the mean aerodynamic chord for & = 0° when the 1ift

was increased by changing the angle of attack for %—inch-

diameter full-span strips. The maximum shift in the aero-
dynamic center was from 52 pvercent to 58 percent of the
mean aerodynamic chord for a = 0° when the 1ift was
increased by changing the elevator angle.

CONCLUSIONS

From tests made in the Langley 16-foot high-speed
tunnel of a full-scale horizontal tall surface to determilne
the effect of elevator-profile modifications and tralling-
edge strips on the elevator hinge-moment characteristics
for elevators having fixed plan form and constant balance,
the following conclusions were reached:

1. A reduction of 6° in the tralling-edge angle
resulted in incremental cheanges in the slopes of curves
of hinge moment against angle of attack and against ele-
vator angle of approximately -0.0026 and -0.0013, respec-
tively.

2, The incremental changes in Chg (slope of curve
of hinge moment against elevator angle) due to elevator-
nose modificaticns were of the same magnitude as the
changes predicted by the use of methods given in NACA ACR
No. ThE13. These nose-vprofile changes had virtually no
effect on Cha (slove of curve of hinge moment against

angle of attack).
3, A reduction in trailing-esdge angle and an increase

in the bluntness of the nose profile reduced the values of
Chg for the metal elevator from 0.0020, which was unsatis-

factorily high, to 0 without affecting the value of Che

i, Trailing-edge strips were found to be very effec-
tive in reducing a positive value of Chy, but an adverse
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increase in the values of Cpg accompanied the use of
these. strips.  No appreciable loss in the effectiveness
of the trailing-edge strips in producing changes in
hinge-moment coefficient was apparent up to the maximum
test Mach number of 0.65.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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(All dimensions

in inches and measured in plane of section.)

1




¥ |

- | -
: >
Q
»
Q
s
=
o
: £
i o
;- =
i Q
[

NACA :

LMAL 39297

x)
. ..n
®
Figure 2.- Installation of model in tunnel. ‘ 2




A
Nose shape Elevator
Blunt <|
2 .
Modified blunt 3 (3.;) Elevator
Semielliptical < Origina i3 <0riqinol
= 2
7 3
, _/—‘ 2

Troiling— edge ongle

=

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

A,
Figure 3.— Contours of original metal elevator and elevators | to 4.

w; point T m——

“ON dD VOVN

10461

‘314

]



F |

L L‘ Quarter spon»'

Half  span

Full span

Elevator skin Linen tape

Tubing

Typical section

NATIONAL ADVISORY

“ COMMITTEE FOR AERONAUTICS

Figure 4 — Location and installation of trailing=~edge strips on metal elevotdr.

"ON 4D VOVN

T04G1

814

14



NACA CB No. L5HFO1 Fig.
54 ———— —Jf— 17 x 108
—_ . / ~
500 // 16
42 / < 114
//
7/
//
& 380 // 13
g A
o /
= 34 y / 2
. / / 3“
e / o
5 30 A / T §
e /
a 7 / -
26 4 o =
[3] / [ =4
E Fy
o ’ o
s s/ g
- 220 Sh—/S 9 ®
&/ & o
) g °
® </ Q o
g S /€ 8
< 2/
& 5
140 /—+ 7
S/ &
/| /<
iICO // 7 6
/ NATIONAL ADVISORY J
COMMITTEE FOR AERONAUTICS
60 4 | 1 ] | 5
N | 2 .3 ) 5 .6 N4
M

Figure 5 .—Varigtion of the average dynamic pressure

and average Reynolds number with fest Mach number.

.

5




NACA CB No. L5FO1 . Fig. 6a-c

) —
N
o S E
\\ |
-02 \\\
\\
() =~ 3°.
[ -
o 02
.§ ‘\k
pre 0
£ "~
[} —
3 T —
-02 ~C
e
£
g (b) c=0°.
o
o
c
T 02
0 \\ :
[~
_ ™~
02 . ~
—
(¢c) = 3°
-8 -4 o 4 8
NATIONAL ADVISORY
J’ deg COMMITTEE FOR AERONAUTICS
Figure 6 .— Variation of hinge- moment coefficient
with elevator angle; metal elevator.
M=0.35,

E__




NACA CB No. L5FO1 Fig. 7a-c

o 04 L ]
~\\
. L
02 -
. I~ -
0
@) a=-3°,
.04
02 + B
oo \\ //
e (o}
2
° (b) ac= 0O~
®
o
o
o
4
O 04
pd
02 ]
+— =
0]
(c) =3 °.
-8 -4 (o] 4 8
d‘, deg co::;ltggt':l‘::ﬁn%:lcs

Figure 7.- Variation of drag coefficient with

elevator angle; metal elevator. M=035.
S

8




NACA CB No. L5FO1 Fig. 8a~c

T T T
,,,,,, 4
e
(0]
T
(a) xc==3°.
L1
4
e
o —1 |
/
//
. | r
(&)
- -4
S (b) @=0"°.
‘0
o I
®
(=]
o
£ 4
- //
//
(0] —
_4
NATIONAL ADVISORY
(c)ac=3° COMMITTEE FOR AERONAUTICS
SE—
g, deg

Figure 8 .— Variation of lift coefficient vjith elevator
angle; metal elevator. M=0.35.



NACA CB No. L5FO1 o Fig.

.0l

-0l

o o

A
o)

Pitching-moment coefficient, G,
°

o

-0l

P
T 1 —
’\\\
\\\‘ ‘
'\\
(@) o = -3°.
\\
\\
\\
b) o= 0°.
~1
\\
\\
T
c)oas=3°.
-8 -4 0 a 8
- 4 ,deg

NATIONAL ADVISORY

m COMMITTEE FOR AERONAUTICS
Figure 9.- Variation of pitching-moment coefficient

9a~-c

with elevator angle; metal elevator, M=0.35.



NACA CB No. L5FO1

02 Elevator
_ \ - . ‘I, e
\ I SR R N B et 2
o —
- e it L
-02 (@) x ==-3°,
-
(&)
-~ 02
c e =
2 I
£ o =L
= ]|
o S S o
O = =]
;:: _-02 (b) = O °,
£
[«
£
®
o
£
r
.02
~ |
~. \\
-02 1
: (c)oc = 3°.
-8 -4 0 8
5’ deg NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
L

Fig. 1l0a-c

Figure 10.—Effect of elevator tmiling~edge angle on elevator hinge-

moment coefficient.

M= 0.35.




NACA CB No. L5FO1 Fig. lla-c

]
' \ Elevator (deg)
03 ' — ] 13
\\ h—— > 2
02 S
\\\ ‘/,/
. N
ol (a)oc==3°.
03
Q \\\\ I/,
o 02
] Ne .2/

t ~d _/7
P oo
b (b)x=0°,
4
[+
(3]
o
°
o

03 P

02

" 4
sl =57
0l —
" (c)ox=3 ",
-8 -4 ) 4 8
S, deg CONMITTEE Fon sthomaurcs

Figure Il.—Effect of elevator trailing-edge angle on drag
coefficient. M=0.35.



o

NACA CB No. L5F01

Hinge-moment coefficient, C,

Fig. l2a~c

0 J::&
\ii\’\\\___ ?@zfio,
-04 ™ + i__
@eoc =3°% | ™5
04
S
0 \\ﬂ\\ Elevator—|
\‘Q~~ 4
(b)ac =0° 2
04
SN
0 \\ — Elevator_
"I~ 4 R
_04 T \\ |
/ o 2
(c)oc =-3° |

-2 -8 -4 0] 4 8 12
§ ,deg COMMITTEE Fou AChORMITICS
Figure /2-Variation of hinge-moment coefficient with elevator
angle for the three nose shapes. M= 0.35.




e b
.0l
O Er—T1————r—71—T Elevator
e S R s e - S
] -\
Ch ---‘~-‘ﬂ~—§~-_7 3
-0l —
\
\
4
-02
— NATIONAL ADVISORY
| i | X (':OHHITTEE FOR AERONAUTICS
-3 -2 -l 0 | 2 3
‘ ; X, deg

Figure /3 .— Effect of nose shape on hinge-moment coefficient. .

J:O°; M=0.35.

*ON d0 VOVN

104G

¢1 314



NACA CB No. L5FO1

S e Elevator
02 | 4
. c /( :
D A 3
§§§§E§E§ ~__=:§E<’/§?2\\‘é
Ol
(o)
-4 -2 0 2 4
o« , deg
04 \
Eleyator
LT T 1T 1 [2
03—F— 13
. \ |
CL T
d
02
— e
-4 2 o 2 4

of, deg
Figure i4-~ Varlatlon of CD and G y with o
for various nose shupes M=0.35,d=0°.

Fig.

14




NACA CB No. L5F01 Fig. l5a-c

Lengfh of trailing-edge strips
r t b
AN (percen 10
- 04 oy e— - 50
BN S
o — o ‘¥§ \
B RS |
NS
=04 <=
a) x=—3°,
.08
i =
« o \
€ .04 3
s
;.§_ \\\\\
s =N -~
m \\ -
8 o \ \\\\.\-‘
‘.E .\\;::\‘4
2_04 \\\.\\\ﬂ\\“~
g ’ N T~
1 (b) & =0°,
[
(=]
£
T
04 N
= \\
@;::_X
(o) ~ =]
o]
NS==Nl
NS ~E
-.04 RN \\ pong
(c)a=3* NATIONAL ADVISORY
| COMMITTEE FOR AERONAUTICS
-08 I

~12 -8 -4 4 8 12

(0]
4 ,deg

Figure I5.= Variation of C, with elevator angle for four lengths
of 3 -inch-diameter trailing-edge strips. M=0.35.




NACA CB No. LS5SFO1 Fig. l6a=-c

L]
.Length of trailing-edge strips, percent spon
04 , 100
0 —~ —
\.\ \\\
-04 (@) cc=-3°, AN
|| ~L
04
<
~1
0 o
= -~~~
o Q\\\_
- [~ B
E _04 NS
2 : "~ ~—
L S~
g —o8 (b) cc=0°
T
D
£
o
£
L 04
=3
E= >
a S
0 N~ ~F —|
. S
—04 (C) [0 9 =I3°. \\ ]
| L
-8 -4 0 4 8 12
d’, deg NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

S
Figure 16.— Variation of Cp, with elevator angle for three lengths

of —L~inch- diameter trailing- edge strips. M= 0.35.




NACA CB No. L5F01 ' Fig.

= N . =
004
o .
o e Diameter of trailing-edge strips
o 0o e -— (in.)
— ~~—=1_

J e e /16
(-)c ‘\\ /
~— ~—11/8

-004 e
0
B
\\ ~
2, ~00af— |k =
u T~
8 . S
/> \\ \~~\'Z'§
~o \
\o/ "~ i/8
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
-012 R
0] 20 40 60 80 100 .

Length of trailing-edge strips,percent span

Figure 17.— Effect of length of trailing-edge strips of

. 1 . .
£ -inch and - -inch diameter on Ch5 and chor. .
M= 0.35. R

¥




.0 ' 1 ] !
R
(v 4
(deg)
0 1 '
-0l
< (0]
O
-02
L 3
-03
NATIONAL ADVISORY
l-ll CO!NITTEE FOR AE'RONAUTICS

2 3 4 S 6 7
M

Figure [8.—Variation of elevator hinge-moment coefficient with
|

Mach number for 5 -inch-diameter trailing-edge strips. Full span;

d =0°,

“ON €D VOVN

81y 10461

81



NACA CB No. L5FO1 Fig. l9a-c

‘ 9
0 5
-2 0]
— 4
-4
8 .
|_(a)oc=—3 °, |
9
2 ] 5
-4
(&)
-~ 0 o)
c
@
= 4
@ -2
3 -8
] (b)er=0°.
9
/—‘
4
..—-—""—J 5
2 0
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
4
0 ~ﬁ
1 ] —8

(c)ec= 3°,
R L
(o) 25 50 75 100
Length of trailing-edge strips, percent b

Figure 19.—Variation of lift coefficient with length of --inch-

diameter trailing-edge strips. M=0.35.




NACA CB No. L5FO1 Fig. 20a~-c

J
2 (deg)
[, | o
o]
5
-2 0
4
| (@) x=—3°.
4
— 9
S5 2 5
£
s O
§ 4
-2
= | (b)x=0°,
ot 9
4
L 5
2 0
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS 4
o i )
| 1 8
(c) x=3°,
(o) 25 50 75 100

Length of trailing—edge strips, percent b

Figure 20.— Variation of |ift coefficient with length of —g&-inch-
diameter trailing-edge strips. M=0.35.




NACA CB No. L5FO1 . - " Fig. 2la-c

S5
A - (deg)
.04 o e . 8 -
—
.03
_——-——-’_’_’_—_—_—- e 9
.02 —
//———-—‘ 5 v
o1l (0) o =3 o
o 03 —— 9
© SN -8
£ 02— ———— 5
© | |_——4
3 ———1. | | 110
§ 0l ——
(byox = O °,
(=
o
o
9
04
L 5
.03 - —
P el | NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

.02 q— o

— -8

o " -4

0l (c)x= 3 °. , :
o) 25 50 75 100

Length of trailing-edge strips, percent b

Figure 2| —Variation of drag coefficient with length of +-inch-

diameter trailing~ edge strips. M=0.35.



NACA CB No. L5FO1 Fig. 22a-c

S
04 . (deg)
] e | en— s
03
-4
02 i —— M
— 0
0l O
03 — 9
] -8
_ 02 — .
© B —a
3 (b) ac=0°.
£ .05
(]
3 _——— 9
L — ol
o .04
S
o
03 ———— s
—— NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
.02 o
— 3
! (€)@ =3°. e—

o) 26 S0 75 100

Length of trailing- edge strips, percent b

Figure 22.—Variation of drag coefficient with length of T'.—-inch-

diameter trailing-edge strips. M= 0.35.




ilHIllHIIIHIH||l|ﬂllllﬂﬂlﬂllﬂllﬂll]llllﬂﬂlﬂlﬂl\\!l

31176 01364 9



